Employing the Pauli matrices, we have constructed a few operators, which can be used to distinguish six inequivalent classes of entanglement under SLOCC (stochastic local operation and classical communication) for three-qubit pure states. Motivated by the form of Mermin's operator, these operators have very simple structure and most importantly they can be implemented in an experiment to distinguish the types of entanglement present in a state. We have shown that the measurement of only one operator is sufficient to show that whether the tangle of the state in question is zero or not zero. Thus we are able to detect whether the given state is of GHZ-type or not. Also it is shown that it is possible to detect and classify W-type states or biseparable states or separable states by performing a small number of measurements. Furthermore, we discuss the teleportation scheme of Lee et.al. [21] and have shown that the partial tangle and hence teleportation fidelity can be computed experimentally. We have also shown that the partial tangle and hence teleportation fidelity can be used to classify genuine entangled state, biseparable state and separable state.
I. INTRODUCTION
Entanglement is one of the key features of Quantum mechanics, which differentiates quantum world from the classical world. It is an essential resource for many Information processing tasks, such as quantum cryptography [1] , teleportation [2] , super-dense coding [3, 4] etc. Also from the foundational perspective of quantum mechanics, entanglement is unparalleled for its supreme importance. Therefore, its characterization and quantification is very important from both theoretical as well as experimental point of view.
A lot of research have been carried out to understand entanglement qualitatively and quantitatively. Quantification and characterization of entanglement is unambiguous for pure bipartite state, but not for the mixed states [5] [6] [7] . In the spirit of resource theory of entanglement [5, 8] , two entangled states are said to be equivalent if they can be obtained from each other with certainty with respect to LOCC (local operation and classical communication). Entanglement of any pure bipartite state is uniquely captured by the Entropy of entanglement in the asymptotic limit [9] . But this is not true for mixed states. There is no unique quantification of entanglement for this case and a number of entanglement measures and monotones [6] have been constructed over the years. Situation gets worse for multipartite scenario, both for pure and mixed states. One can straightforwardly extend some of the entanglement measures and monotones constructed for bipartite systems to multipartite scenario, but there * tapisatya@gmail.com † chandan@iopb.res.in ‡ arpandas@iopb.res.in § agrawal@iopb.res.in is no unique quantification of entanglement in multipartite scenario even for pure states. We can not even define a unique maximally entangled multipartite state and there are many inequivalent forms of entanglement in the asymptotic limit [10, 11] . In this paper, we will restrict ourselves to the entanglement properties of a single copy of a pure multipartite state. For a single copy, two states are LOCC equivalent if and only if they are related by LU (local unitary) [11, 12] . But in the single copy restriction, even two bipartite pure states are not typically related by LU. To evade this difficulty, the LOCC operation, through which the conversion of entangled states is considered is slightly loosened. One now considers the conversion of states through stochastic local operation and classical communication (SLOCC), i.e two entangled states are converted to each other by means of LOCC but with a non-vanishing probability of success [11] . Two states are now called SLOCC equivalent if they can be obtained from each other under SLOCC, otherwise they are SLOCC inequivalent. For three-qubit pure states all possible SLOCC inequivalent classes have been characterized [13] . There are total six SLOCC inequivalent classes: separable, three bi-separable and two genuinely entangled (GHZ and W). In general it is very difficult to characterize and distinguish different classes from each other. For three-qubit pure states analytical characterization is present in literature using local entropies and the concept of tangle [13] . But from an experimental point of view these are not realizable.
In this paper, we will be providing an experimentally feasible way to distinguish these six different classes of pure three-qubit states. In a very recent paper [14] , a proposed set of Bell inequalities can distinguish separable, biseparable and genuine entanglement for pure three-qubit states by the pattern of violations of the Bell inequalities within the set. In another work, Zhao et.al. [22] have provided the necessary and sufficient conditions to classify the separable, biseparable and genuine entan-gled state. But they did not succeed in distinguishing the GHZ-type and W-type states, which fall under the category of genuine entangled state. They have shown that measurement of seven observables are needed to classify and detect pure three-qubit entangled state.
In this work, we will not consider Bell inequalities but will construct operators, which can distinguish six classes of entanglement for pure three-qubit states. Firstly, we have related the tangle of the state with the expectation value of one operator, which consist of Pauli operators. This means that we can experimentally determine the value of the tangle. Non zero value of the tangle guarantees that the given three-qubit pure state is a GHZ type state. Therefore, in our case only one operator is needed to differentiate between GHZ-type state and the other classes of three-qubit pure states. Measurement of three operators are needed to distinguish W-type state and biseparable/separable states. Measurement of four more operators are needed to classify biseparable and separable states. But Zhao et.al. [22] have shown that measurement of seven operator is needed to classify the pure three-qubit state.
We have organized the paper as follows. In section II, we have introduced the idea of tangle and its observable measure. In section III, the classification of different classes are done. In section IV, an experimental way of measuring fidelity for a teleportation scheme has been discussed using same kind of operators. Finally, we conclude in the last section.
II. TANGLE AND IT'S OBSERVABLE MEASURE
Tangle was first introduced in [16] in the context of distributed entanglement, to quantify the amount of threeway entanglement in a three-qubit state. For a pure state it can be interpreted as residual entanglement, which is not captured by two-way entanglement between the qubits. It was also shown to be an entanglement monotone [13] . The tangle is defined as
where C AB and C AC denote the concurrence [20] of the entangled state between the qubits A and B and between the qubits A and C respectively. The concurrence C A(BC) refers to the entanglement of qubit A with the joint state of qubits B and C. Any three-qubit pure state can be written in the canonical form [15, 19] ,
where
and {|0 , |1 } denote the basis of Alice's, Bob's and Charlie's Hilbert space. The tangle for the state |ψ given in (2) is found out to be
The tangle as given in (3) can be measured experimentally if we take the expectation value of the operator
with respect to the state |ψ . The operator O given in (4) can be obtained by suitably choosing the unit vectors in Mermin operator, which is defined as [17, 18] 
whereâ j , b j (j = 1, 2, 3) are the measurement direction for the jth party and σ = (σ x , σ y , σ z ) are the usual Pauli matrices. By choosing the unit vectors asâ 1 = (1, 0, 0),
Therefore, the expectation value of the operator O in the state ψ is given by
Hence, from (6) it is clear that by measuring the expectation value of O, one can easily calculate the value of the tangle.
III. EXPERIMENTAL CLASSIFICATION OF THREE-QUBIT PURE STATES
In this section, we will show how to classify six different classes of three-qubit pure states experimentally. It is known that tangle is nonzero only for GHZ class [13] ; it is zero for other five classes. So using (6) one can separate GHZ class from other five classes experimentally. Since it is not possible to distinguish zero tangle classes of threequbit pure states with a single quantity τ ψ , so we need to define other observables. To fulfill our aim, let us consider two quantities P and Q, which can be defined as
and
The operators O 1 , O 2 and O 3 are given by
The operator O 1 given in (9) 
Therefore, using (12), we can obtain P and Q as P = 16λ 2 0 λ 2 λ 3 and Q = 4 λ 0 λ 3 + λ 0 λ 2 − (λ 2 λ 3 + λ 1 λ 4 cos θ) . (13) We are now in a position to classify zero tangle threequbit pure states based on the expectation values of the operators O 1 ,O 2 ,O 3 and the two quantities P and Q. Proof : Using parametrization (2), any three-qubit pure state, which is in W class can be written as [13, 19] ,
As there is no λ 4 , so from (3) it is clear that τ ψW = 0. From (13) one can find P = 16λ 2 0 λ 2 λ 3 = 0 and Q = 4(λ 0 λ 3 + λ 0 λ 2 − λ 2 λ 3 ) = 0.
We will deduce the conditions by which it is possible to distinguish three biseparable classes.
Lemma 1 : Any three-qubit state is biseparable in 1 and 23 bipartition if
Proof : Any pure three-qubit state which is biseparable in 1 and 23 bipartition, can be written as |0 (α|00 + β|11 ), upto some local unitary transformation [13] . Canonical form of three-qubit pure states as written in (2) will have the aforesaid biseparable form if all the λ i 's except λ 1 and λ 4 are zero. Hence, the state belonging to 1 and 23 bipartition can be written in terms of λ i 's as
As λ 0 = 0, the tangle is zero for this class of state. From (12) we notice that, O 1 ψ = 0, O 2 ψ = 0 and O 3 ψ = −4λ 1 λ 4 . Hence, P = 0 and Q = 0.
Lemma 2 : Any three-qubit state is biseparable in 12 and 3 bipartition if,
Proof : The state, which belongs to 12 and 3 bipartition can be written as
The tangle is zero as λ 4 = 0. Using (12) we can infer that O 1 ψ = 4λ 0 λ 3 , O 2 ψ = 0 and O 3 ψ = 0. Therefore, P = 0 and Q = 0.
Lemma 3 : Any three-qubit state is biseparable in 13 and 2 bipartition if
Proof : The state belongs to 13 and 2 bipartition can be written as
The tangle is zero as Proof : From the above lemmas, it is clear that for a biseparable state, either O 1 ψ = 0, or O 2 ψ = 0. As P is the product of these two expectation values, therefore P = 0 for any biseparable three-qubit pure state. The quantity Q is the sum of the expectation values of the operators O 1 , O 2 and O 3 , and according to the above three lemmas, at least one is nonzero. Therefore Q = 0. This proves the theorem. 
Proof : Any separable three-qubit pure state can be written as |0 |0 |0 , after applying some appropriate local unitary operation. For this state τ ψ , P and Q all are zero. That completes our proof.
From the above theorems and lemmas we can classify all the classes present in a three-qubit pure state. We note that there is some arbitrariness in the definition of Q. Above proofs will go through, even if we would have have defined P as a product of the expectation values of operators "O 2 and O 3 ", or "O 1 and O 3 ", instead of operators "O 1 and O 2 ".
IV. EXPERIMENTAL MEASURE OF FIDELITY FOR A TELEPORTATION SCHEME
In this section, we will discuss a teleportation scheme using a three-qubit pure state as studied earlier in [21] . The teleportation scheme is as follows: Let us consider a three-qubit pure entangled state shared by three parties i, j and k. We make an orthogonal measurement on the k th qubit and consider the joint state of the system i and j. Using this joint state as a resource state, one can teleport a single qubit state. The faithfulness of this teleportation scheme depends on the single qubit measurement on k th qubit and the compound state of the system i and j. In [21] , authors introduced a new quantity called partial tangle, which is defined as,
The partial tangles for the state given in (2) is
They showed that these partial tangles are related to singlet fraction f k and maximum teleportation fidelity F k . Here index k just indicates that the measurement is done on the k th qubit. The relation is as follows,
We will now provide the explicit relationship between the partial tangles and the expectation value of the operators O, O 1 , O 2 , O 4 and O 5 . The operators O 4 and O 5 will be defined in this section. Since partial tangle is related with singlet fraction and teleportation fidelity, we can measure the teleportation fidelity experimentally for the teleportation scheme given in [21] .
Let us define two new operators as
Operator O 4 given in (27) can be obtained from the Mermin operator (5) 
After a few steps of calculation we can show that, (29), so we can say that the teleportation fidelities for the teleportation scheme described in [21] can be computed experimentally.
From (28) and (29), we can draw following conclusions:
1. If all the partial tangles are equal to zero then the state is a separable one. This is because the expectation value of O 4 and O 5 are also zero for a separable state.
2. If at least one partial tangle is equal to zero, then the three-qubit state is a biseparable state.
3. If each partial tangle is not equal to zero then the state is a three-qubit genuine entangled state.
Lemma 4: Any three-qubit pure genuinely entangled state is useful in the teleportation scheme of [21] .
Proof : Three-qubit genuinely entangled states consist of GHZ-class and W-class. We will prove the proposition by taking these two classes separately. The relation in (26) can be written as
Case-I: For GHZ-class states,
[23]. Therefore the resource state consisting of qubits i and j is suitable for teleportation. In this case, the partial tangle is nonzero and so O ψ is also nonzero. Hence, from (29), it is clear that τ ij > 0. Therefore, F k is always greater than 
¿From (7) it can be seen that 4τ 12 τ 31 = P . For Wclass states, τ 12 = 0 and τ 31 = 0 as P = 0. Hence, F 3 and F 2 are greater than (13), for W-class states, λ 0 , λ 2 and λ 3 can not be zero simultaneously. Equation (27) ensures that O 4 ψ is nonzero. Therefore, τ 23 = 0 and F 1 is greater than 2 3 . Thus for the teleportation scheme of [21] , all states in W-class are useful for teleportation. This completes the proof.
V. CONCLUSION
We have constructed operators, which can be used to distinguish six SLOCC inequivalent classes of entanglement present in pure three-qubit states. These operators contain only Pauli matrices and hence are easily implementable in experiments. So, we can detect the type of entanglement present in a three-qubit pure state experimentally. Also we have shown that the operators defined here can be used to measure the fidelity of a teleportation scheme introduced in [21] . We believe that, there are other such applications, where we can use our operators effectively.
